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(54) Internal combustion engine 

(57) An engine comprising an exhaust gas after- 
Ireatment device arranged in an exhaust passage of the 
engine, which raises the temperature of the exhaust gas 
after-treatment device by making selective use of a first 
injection pattern injecting only main fuel and delaying 
the injection timing of the main fuel Q R , a second injec- 
tion pattern injecting auxiliary fuel Q v near top dead 
center of the suction stroke and delaying the injection 
timing of the main fuel Q R , and a third injection pattern 
injecting auxiliary fuel Q v and Q P before injection of the 
main fuel and after injection and delaying the injection 
timing of the main fuel Q R . 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an internal 
combustion engine. 

2. Description of the Related Art 

[0002] As an exhaust gas after-treatment device ar- 
ranged in the exhaust passage of an engine, there is 
known an NO x absorbent which absorbs the NO x in ex- 
haust gas when the air-fuel ratio of the exhaust gas is 
lean and releases and reduces the absorbed NO x when 
the air-fuel ratio of the exhaust gas becomes the stoi- 
chiometric air-fuel ratio or rich. In such an exhaust gas 
after-treatment device, the air-fuel ratio of the exhaust 
gas is temporarily made rich before the NO x absorption 
capability of the NO x absorbent becomes saturated so 
as to make all of the NO x absorbed in the NO x absorbent 
be released from the NO x absorbent and reduced. 
[0003] Fuel, however, contains sulfur. Therefore, the 
exhaust gas contains SO x . This SO x is also absorbed 
by the NO x absorbent. This SO x is not released from the 
NO x absorbent just by making the air-fuel ratio of the 
exhaust gas rich. To make the SO x be released from the 
NO/absorbent, it is necessary to raise the temperature 
of the NO x absorbent. Therefore, there is known an in- 
ternal combustion engine wherein when the tempera- 
ture of the NO x absorbent should be raised, additional 
fuel is injected in the expansion stroke or exhaust stroke 
in addition to the main fuel injected during the suction 
stroke and that additional fuel is made to bum in the NO x 
absorbent so as to raise the temperature of the NO x ab- 
sorbent (see Japanese Unexamined Patent Publication 
(Kokai) No. 9-32619). 

[0004] In this way, in an internal combustion engine, 
it is sometimes necessary to raise the temperature of 
the exhaust gas after-treatment device. In this case, in 
an internal combustion engine, there are sometimes 
cases where it is necessary to rapidly raise the temper- 
ature of the exhaust gas after-treatment device. Further, 
there are sometimes cases where conversely it is nec- 
essary to slowly raise the temperature of the exhaust 
gas after-treatment device. That is, it becomes neces- 
sary to be able to change the temperature raising rate 
of the exhaust gas after-treatment device in accordance 
with demand. In the above known internal combustion 
engine, however, when raising the temperature of the 
exhaust gas after-treatment device, a predetermined in- 
jection pattern determined by the operating state of the 
engine was used. As a result, there was the problem 
that it was not possible to freely change the temperature 
raising rate of the exhaust gas after-treatment device in 
accordance with demand. 



SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide 
an internal combustion engine capable of raising a tem- 
5 perature of an exhaust gas after-treatment device at a 
temperature raising rate which is required for the ex- 
haust gas after-treatment device. 
[0006] According to the present invention, there is 
provided an internal combustion engine having a com- 
10 bustion chamber and an exhaust passage, the engine 
comprising fuel injection means for injecting an auxiliary 
fuel into the combustion chamber, in addition to a main 
fuel, in accordance with necessity to produce unburned 
hydrocarbons; an exhaust gas after-treatment device 
is arranged in the exhaust passage, a temperature of the 
exhaust gas after-treatment device rising when a tem- 
perature of exhaust gas rises and rising when unburned 
hydrocarbons are supplied to the exhaust gas after- 
treatment device; and injection control means for retard - 
20 ing an injection timing of the main fuel when the temper- 
ature of the exhaust gas after-treatment device should 
rise, as compared with the case where the temperature 
of the exhaust gas after-treatment device should not 
rise, at least two injection patterns, which are different 
25 in at least one of an amount of retardation of the injection 
timing of the main fuel and injection timing of the auxil- 
iary fuel, being determined in advance to raise the tem- 
perature of the exhaust gas after-treatment device, the 
injection control means choosing any one of the injec- 
30 tion patterns in accordance with a demand for a temper- 
ature raising rate of the exhaust gas after-treatment de- 
vice and injecting fuel in accordance with the chosen 
injection pattern when the temperature of the exhaust 
gas after-treatment device should rise. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention will be more fully under- 
stood from the description of preferred embodiments of 
40 the invention set forth below, together with the accom- 
panying drawings, in which: 

Fig. 1 is an overview of an internal combustion en- 
gine; 

45 Figs. 2 A and 2B are views of a required torque; 

Fig. 3 is a view of a throttle valve degree of opening 
and an EGR control valve degree of opening etc.; 
Figs. 4A and 4B are views of maps of injection 
amounts etc.; 

50 Figs. 5 A and 5 Bare views of maps of target degrees 

of opening of a throttle valve etc.; 
Figs. 6A and 6B are views for explaining an absorp- 
tion and release action of NO x ; 
Fig. 7 is a view of a map of an amount of NO x ab- 
55 sorption per unit time; 

Figs. 8 to 10 are views of injection timings; 
Fig. 11 is a view of an injection start timing; 
Fig. 12 is a view of injection patterns; 
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Figs. 13A and 13B are time charts of temperature 
changes of an NO x absorbent; 
Fig, 14 is a view of changes in the throttle valve de- 
gree of opening etc. at the time of control for release 
of SO x ; 5 
Fig. 15 is a view of the amounts of main fuel and 
auxiliary fuel; 

Figs. 16A and 16B are views of maps of the target 

degree of opening etc. of a throttle valve; 

Fig. 1 7 is a view of changes in the throttle valve de- 10 

gree of opening etc. at the time of control for SO x 

release; 

Fig. 1 8 is a view of changes in the throttle valve de- 
gree of opening etc. at the time of control for NO x 
release; 15 
Fig. 19 is a view of the amounts of main fuel and 
auxiliary fuel; 

Fig. 20 is a flow chart of the processing of an NO x 
releasing flag and SO x releasing flag; 
Fig. 21 is a flow chart of the control of the operation 20 
of the engine; 

Fig. 22 is a flow chart of the control for raising the 
temperature; 

Fig. 23 is an overview of another embodiment of an 
internal combustion engine; 25 
Fig. 24 is a view of an injection pattern; 
Fig. 25 is a flow chart of the control of the operation 
of the engine; and 

Fig. 26 is a flow chart of the control for raising the 
temperature. 30 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0008] Referring to Fig. 1 , 1 shows an engine body, 2 35 
a cylinder block, 3 a cylinder head, 4 a piston, 5 a com- 
bustion chamber, 6 an electrically controlled fuel injec- 
tor, 7 an intake valve, 8 an intake port, 9 an exhaust 
valve, and 1 0 an exhaust port. The intake port 8 is con- 
nected through a corresponding intake tube 11 to a 40 
surge tank 12. The surge tank 12 is connected through 
an intake duct 1 3 to a compressor 1 5 of an exhaust tur- 
bocharger 1 4. A throttle valve 1 7 driven by a step motor 
16 is arranged in the intake duct 13. 

[0009] On the other hand, the exhaust port 1 0 is con- 45 
nected through an exhaust manifold 18 and exhaust 
tube 19 to an exhaust turbine 20 of the exhaust turbo- 
charger 14. The outlet of the exhaust turbine 20 is con- 
nected to an exhaust gas after-treatment device 21 . In 
the embodiment shown in Fig. 1 , the exhaust gas after- so 
treatment device 21 is comprised of an NO x absorbent 
22 and a casing 23 housing the NO x absorbent 22. 
[0010] The exhaust manifold 18 and the surge tank 
12 are connected to each other through an exhaust gas 
recirculation (EGR) passage 24. An EGR control valve 55 
25 is arranged in the EGR passage 24. Each fuel injector 
6 is connected through a fuel supply line 26 to a fuel 
reservoir, that is, a so-called common rail 27. Fuel is 



4 

supplied into this common rail 27 from an electronically 
controlled variable discharge fuel pump 28. The fuel 
supplied into the common rail 27 is supplied through the 
fuel supply lines 26 to the fuel injectors 6. The common 
rail 27 has mounted in it a fuel pressure sensor for de- 
tecting the fuel pressure in the common rail 27. The 
amount of discharge of the fuel pump 28 is controlled 
based on the output signal of the fuel pressure sensor 
29 so that the fuel pressure in the common rail 27 be- 
comes a target fuel pressure. 

[0011] The electronic control unit 30 is comprised of 
a digital computer and is provided with a read only mem- 
ory (ROM) 32, a random access memory (RAM) 33, a 
microprocessor (CPU) 34, an input port 35, and an out- 
put port 36 connected with each other by a bidirectional 
bus 31 . Downstream of the NO x absorbent 22 is ar- 
ranged a temperature sensor 39 for detecting the tem- 
perature of the NO x absorbent 22. The output signals of 
the temperature sensor 39 and the fuel pressure sensor 
29 are input through corresponding A/D converters 37 
to the input port 35. The accelerator pedal 40 has con- 
nected to it a load sensor 41 for generating an output 
voltage proportional to the amount of depression of the 
accelerator pedal 40. The output voltage of the load sen- 
sor 41 is input through a corresponding AD converter 
37 to the input port 35. Further, the input port 35 has 
connected to it a crank angle sensor 42 for generating 
an output pulse every time the crank shaft rotates by for 
example 30 degrees. On the other hand, the output port 
36 has connected to it through corresponding drive cir- 
cuits 38 the fuel injectors 6 ; step motor 1 6, EGR control 
valve 25, and fuel pump 28. 

[0012] Figure 2A shows the relationship between the 
required torque TQ : the amount of depression L of the 
accelerator pedal 40, and the engine rotational speed 
N. Note that in Fig. 2A, the curves show equivalent 
torque curves. The curve shown by TQ=0 shows that 
the torque is zero, while the remaining curves have 
gradually higher required torques in the order of TQ=a, 
TQ=b, TQ=c, and TQ=d. The required torques TQ 
shown in Fig. 2A are stored in the ROM 32 in advance 
in the form of a map as a function of the amount of de- 
pression L of the accelerator pedal 40 and the engine 
rotational speed N as shown in Fig. 2B. In this embodi- 
ment according to the present invention, the required 
torque TG is first calculated in accordance with the 
amount of depression L of the accelerator pedal 40 and 
the engine rotational speed N from the map shown in 
Fig. 2B and then the amount of fuel injection etc. are 
calculated based on the required torque TQ. 
[001 3] Figure 3 shows the amount of injection Q at the 
time of ordinary operation, the injection start timing 0S, 
the degree of opening ST of the throttle valve 17, the 
degree of opening SE of the EGR control valve 25, the 
mean air-fuel ratio A/F of the air-fuel mixture in the com- 
bustion chamber 5, and the EGR rate (amount of EGR 
gas/(amount of intake air + amount of EGR gas). Note 
that in Fig. 3, the abscissa shows the required torque 
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TQ. 

[0014] As shown in Fig. 3, at the time of ordinary op- 
eration, the injection start timing 6S is made before top 
dead center of the compression stroke. On the other 
hand, the EGR rate falls the higher the required torque 
TQ. The ER rate becomes zero in the region of the high 
required torque TQ. The degree of opening ST of the 
throttle valve 1 7 and the degree of opening SE of the 
EGR control valve 25 are made to change so that the 
EGR rate changes as explained above. That is, the de- 
gree of opening ST of the throttle valve 17 is made to 
increase as the required torque TQ becomes higher in 
the region of a low required torque TQ. The throttle valve 
17 is made to fully open when the required torque TQ 
becomes further higher. Further, the EGR valve 25 is 
made to fully open in the region of a low required torque 
TQ and made to completely close in the region of a high 
required torque TQ. Between the region of the low re- 
quired torque TQ and the region of the high required 
torque TQ, the degree of opening SE of the EGR valve 
25 is gradually reduced as the required torque TQ be- 
comes higher. Further, it is made smaller when the mean 
air-fuel ratio A/F in the combustion chamber 5 is lean 
and the required torque TQ becomes higher. 
[0015] The amount of injection Q, the injection start 
timing GS, the degree of opening ST of the throttle valve 
17, and the degree of opening SE of the EGR control 
valve 25 are not functions of just the required torque TQ, 
but are functions of the required torque TQ and the en- 
gine rotational speed N. In this embodiment according 
to the present invention, as shown in Fig. 4A, the amount 
of injection Q is stored in advance in the ROM 32 in the 
form of a map as a function of the required torque TQ 
and the engine rotational speed N. As shown in Fig. 4B, 
the injection start timing 9S is also stored in advance in 
the ROM 32 in the form of a map as a function of the 
required torque TQ and the engine rotational speed N. 
Further, the degree of opening ST of the throttle valve 
1 7, as shown in Fig. 5A, is stored in advance in the ROM 
32 in the form of a map as a function of the required 
torque TQ and the engine rotational speed N, while the 
degree of opening SE of the EGR control valve 25, as 
shown in Fig. 5B, is stored in advance in the ROM 32 in 
the form of a map as a function of the required torque 
TQ and the engine rotational speed N. 
[0016] Now, the NO x absorbent 22 housed in the cas- 
ing 23 in Fig. 1 is comprised of for example alumina as 
a carrier and, carried on that carrier, for example, at least 
one element selected from potassium K, sodium Na, 
lithium Li, cesium Cs, and other alkali metals, barium 
Ba, calcium Ca and other alkali earth metals, and lan- 
thanum La, yttrium Y, and other rare earths plus a rare 
metal such as platinum. If the ratio of the air and fuel 
(hydrocarbons) supplied into the engine intake pas- 
sage, combustion chamber 5, and exhaust passage up- 
stream of the NO x absorbent 22 is referred to as the air 
fuel ratio of the exhaust gas flowing into the NO x absorb- 
ent 22, then the NO x absorbent 22 performs an NO x ab- 



sorption and release action in which it absorbs NO x 
when the air-fuel ratio of the inflowing exhaust gas is 
lean while releases the absorbed NO x when the air-fuel 
ratio of the inflowing exhaust gas becomes the stoichi- 
5 ometric air-fuel ratio or rich. 

[0017] If this NO x absorbent 22 is placed in the engine 
exhaust passage, the NO x absorbent 22 will in actuality 
perform an NO x absorption and release action, but there 
are portions of the detailed mechanism of this absorp- 
tion and release action which are still not clear. This ab- 
sorption and release action, however, is considered to 
be performed by the mechanism shown in Figs. 6A and 
6B. Next, this mechanism will be explained taking as an 
example the case of carrying platinum Pt and barium Ba 
on the carrier but the same mechanism applies even if 
using another precious metal and alkali metal, alkali 
earth, or rare earth. 

[0018] In the internal combustion engine shown in Fig. 
1 , combustion is performed when the mean air-fuel ratio 
in the combustion chamber 5 is in a lean state. When 
combustion is performed with the mean air-fuel ratio in 
a lean state in this way, the concentration of oxygen in 
the exhaust gas is high. At this time, as shown in Fig. 
6A, the oxygen 0 2 deposits on the surface of the plati- 
num Pt in the form of 0 2 " or 0 2 \ On the other hand, the 
NO in the inflowing exhaust gas reacts with the 0 2 ~ or 
O 2 * on the surface of the platinum Pt to become N0 2 
(2NO+0 2 ~>2N0 2 ). Next, part of the produced N0 2 is ox- 
idized on the platinum Pt and absorbed in the absorbent 
and diffuses inside the absorbent in the form of nitrate 
ions N0 3 ~ as shown in Fig. 6A while bonding with the 
barium oxide BaO. The NO x is absorbed in the NO x ab- 
sorbent 22 in this way. So long as the concentration of 
oxygen in the inflowing exhaust gas is high, N0 2 is pro- 
duced on the surface of the platinum Pt. So long as the 
NO x absorption capability of the absorbent does not be- 
come saturated, the N0 2 is absorbed in the absorbent 
and nitrate ions N0 3 _ are produced. 
[0019] On the other hand, when the air-fuel ratio of 
the inflowing exhaust gas is made rich, the concentra- 
tion of oxygen in the inflowing exhaust gas falls and as 
a result the amount of production of N0 2 on the surface 
of the platinum Pt falls. If the amount of production of 
N0 2 falls, the reaction proceeds in the reverse direction 
(N0 3 _ ^N0 2 ) and therefore the nitrate ions N0 3 _ in the 
absorbent are released from the absorbent in the form 
of N0 2 . At this time, the NO x released from the NO x ab- 
sorbent 22 reacts with the large amount of unburnt hy- 
drocarbons and carbon monoxide contained in the in- 
flowing exhaust gas to be reduced as shown in Fig. 6B. 
In this way, when there is no longer any N0 2 present on 
the surface of the platinum PT, N0 2 is successively re- 
leased from the absorbent. Therefore, if the air-fuel ratio 
of the inflowing exhaust gas is made rich, the NO x will 
be released from the NO x absorbent 22 in a short time 
and, further, the released NO x will be reduced, so no 
NO x will be discharged into the atmosphere. 
[0020] Note that in this case, even if the air-fuel ratio 
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of the inflowing exhaust gas is made the stoichiometric 
air-fuel ratio, NO x will be released from the NO x absorb- 
ent 22. When the air-fuel ratio of the inflowing exhaust 
gas is made the stoichiometric air-fuel ratio, however, 
the NO x will be released from the NO x absorbent 22 only 
gradually, so a somewhat long time will be required for 
having all of the NO x absorbed in the NO x absorbent 22 
be released. 

[0021] There are, however, limits to the NO x absorp- 
tion capability of the NO x absorbent 22. It is necessary 
to release the NO x from the NO x absorbent 22 before 
the NO x absorption capability of the NO x absorbent 22 
becomes saturated. Therefore, it is necessary to esti- 
mate the amount of NO x absorbed in the NO x absorbent 
22. Therefore, in this embodiment of the present inven- 
tion, the amount of NO x absorption AX per unit time is 
found in advance in the form of the map shown in Fig. 
7 as a function of the required torque TQ and the engine 
rotational speed N. The amount LNOX of NO x absorbed 
in the NO x absorbent 22 is estimated by cumulative ad- 
dition of the amount of NO x absorption AX. In this em- 
bodiment according to the present invention, when the 
amount ZNOX of NO x absorption exceeds a predeter- 
mined maximum allowable value, the air-fuel ratio of the 
inflowing exhaust gas is temporarily made rich so as to 
make the NO x be released from the NO x absorbent 22. 
[0022] As explained at the start, however, exhaust 
gas contains SO x and the NO x absorbent 22 absorbs 
not only NO x , but also SO x . The mechanism of absorp- 
tion of SO,, into the NO x absorbent 22 is believed to be 
the same as the mechanism of absorption of NO x . 
[0023] That is, in the same way as explained with re- 
spect to the mechanism of absorption of NO x , giving an 
explanation taking as an example the case of carrying 
on the carrier platinum PT and barium Ba, as explained 
above, when the air-fuel ratio of the inflowing exhaust 
gas is lean, oxygen 0 2 deposits on the surface of the 
platinum Pt in the form of 0 2 or O 2 '. On the other hand, 
the S0 2 in the inflowing exhaust gas reacts with the 0 2 " 
or O 2 " on the surface of the platinum Ptto become S0 3 . 
Next, part of the produced S0 3 is oxidized on the plati- 
num Pt and absorbed in the absorbent and diffuses in- 
side the absorbent in the form of sulfate ions S0 4 2 while 
bonding with the barium oxide BaO to produce the sta- 
ble sulfate BaS0 4 . 

[0024] This sulfate BaS0 4: however, is stable and 
hard to decompose. Even if the air-fuel ratio of the in- 
flowing exhaust gas is made rich for release of the NO x 
from the NO x absorbent 22, the sulfate BaS0 4 does not 
decompose and remains as it is. Therefore, along with 
the passage of time, the sulfate BaS0 4 in the NO x ab- 
sorbent 22 increases and therefore along with time the 
amount of NO x which the NO x absorbent 22 can absorb 
falls. 

[0025] The sulfate BaS0 4 , however, decomposes 
when the temperature of the NO x absorbent 22 exceeds 
a certain temperature determined by the NO x absorbent 
22, for example, about 600°C. If the air-fuel ratio of the 
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exhaust gas flowing into the NO x absorbent 22 at this 
time is made the stoichiometric air-fuel ratio or rich, the 
SO x will be released from the NO x absorbent 22. Making 
the SO x be released from the NO x absorbent 22, how- 

5 ever, requires a considerably long time compared with 
the case of releasing the NO x from the NO x absorbent 
22. Giving one example, it is possible to release all of 
the NO x from the NO x absorbent 22 by making the air- 
fuel ratio of the exhaust gas rich for a short time of less 

10 than one second, but releasing all of the SO x from the 
NO x absorbent 22 requires the temperature of the NO x 
absorbent 22 to be maintained at not less than about 
600°C and the air-fuel ratio of the exhaust gas to be 
maintained at the stoichiometric air-fuel ratio or rich for 

*5 about 10 minutes. That is, in order to make all of the 
S0 4 be released from the NO x absorbent 22, it is nec- 
essary to first raise the temperature of the NO x absorb- 
ent 22 to over 600°C and then keep the air-fuel ratio of 
the exhaust gas at the stoichiometric air-fuel ratio or rich 

20 and maintain the NO x absorbent 22 at a high tempera- 
ture. 

[0026] Since releasing the SO x from the NO x absorb- 
ent 22 in this way requires first that the temperature of 
the NO x absorbent 22 be raised, it is preferable to raise 

25 the temperature of the NO x absorbent 22 as fast as pos- 
sible. If the temperature of the NO x absorbent 22 is 
made to rise too quickly, however, the problem arises of 
the temperature of the NO x absorbent 22 rising to an 
extreme degree and there being the risk of thermal de- 

30 terioration of the NO x absorbent 22. That is, there is an 
optimal required value for the temperature raising rate 
of the NO x absorbent 22 and it is necessary to raise the 
temperature of the NO x absorbent in accordance with 
that required value. The required value will be explained 

35 in detail later. Before that, the method of raising the tem- 
perature of the NO x absorbent 22 will be explained. 
[0027] In the present invention, to raise the tempera- 
ture of the NO x absorbent 22, use is made of a combi- 
nation of two methods: the method of raising the tem- 

40 perature of the exhaust gas and the method of increas- 
ing the amount of unburned hydrocarbons in the ex- 
haust gas. In this case, in the present invention, the in- 
jection timing of the main fuel is delayed so as to raise 
the temperature of the exhaust gas and auxiliary fuel is 
injected in addition to the main fuel so as to increase the 
amount of the unburned hydrocarbons in the exhaust 
gas. Various injection patterns different in at least one 
of the amount of retardation of the injection timing of the 
main fuel and the injection timing of the auxiliary fuel are 

50 used. 

[0028] That is, in this embodiment of the present in- 
vention, roughly classified, four injection patterns are 
used, that is, a first pattern of delaying the injection tim- 
ing of the main fuel without injecting auxiliary fuel, a sec- 
55 ond pattern of injecting auxiliary fuel before injecting the 
main fuel and delaying the injection timing of the main 
fuel, a third pattern of injecting auxiliary fuel before in- 
jecting the main fuel and after injecting the main fuel and 
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delaying the injection timing of the main fuel, and a 
fourth pattern of injecting auxiliary fuel after injecting the 
main fuel and delaying the injection timing of the main 
fuel. 

[0029] Next, an explanation will be given of these four 5 
injection patterns with reference to Fig. 8 to Fig. 1 1 . Fig- 
ure 8 to Fig. 10 show the injection timings of the main 
fuel and the injection timings of the auxiliary fuel. The 
abscissas show the crank angle. Further, Fig. 8 to Fig. 
10 show the opening timings of the intake valve 7, the 10 
opening timings of the exhaust valve 9, and the injection 
timing X in which fuel injected from a fuel injector 6 can 
be supplied into a cavity 5a (Fig. 1) formed at the top 
face of the piston 4. On the other hand, Fig. 11 shows 
the injection start timing OS of the main fuel. The abscis- 
sa in Fig. 11 shows the required torque TQ. 
[0030] In Fig. 8 to Fig. 10, (I) shows the injection tim- 
ing at the time of ordinary operation. As will be under- 
stood from Fig. 8, Fig. 9, and Fig. 1 0, auxiliary fuel is not 
injected during ordinary operation. Only main fuel Q is 
injected. The injection start timing OS of the main fuel Q 
at this time is shown by I in Fig. 11 . As will be understood 
from Fig. 1 1 , the injection start timing OS of the main fuel 
at this time is made before top dead center of the com- 
pression stroke. 

[0031] On the other hand, (II) shows the first injection 
pattern. As explained above, in the first injection pattern, 
only the main fuel Q R is injected, without injection of the 
auxiliary fuel. Further, at this time, the injection timing of 
the main fuel Q R is delayed compared with the time of 
ordinary operation. II in Fig. 11 shows the injection start 
timing 8S of the main fuel Q R at this time. As shown in 
Fig. 11 , the injection start timing GS of the main fuel Q R 
at this time is delayed until after top dead center of the 
compression stroke and is delayed more the higher the 
required torque TQ. 

[0032] Once past top dead center of the compression 
stroke, the pressure in the combustion chamber 5 grad- 
ually falls and the temperature in the combustion cham- 
ber 5 also gradually falls. Since the pressure in the com- 
bustion chamber 5 gradually falls after the top dead 
center of the compression stroke in this way, if the in- 
jection start timing GS of the main fuel Q R is delayed until 
after top dead center of the compression stroke, the in- 
jected fuel will be made to widely diffuse inside the com- 
bustion chamber 5 and will be ignited after being widely 
diffused. That is, the fuel will be burned in a state with 
sufficient air present around it. As a result, soot will not 
be produced much. Further, at the time of ignition, the 
pressure and temperature in the combustion chamber 
5 become low, therefore the combustion temperature 
will not rise that much. Accordingly, not that much NO x 
will be produced either. 

[0033] On the other hand, if the injection start timing 
8S of the main fuel Q R is delayed in this way, the com- 
bustion time will become longer and therefore the tem- 
perature of the exhaust gas will rise. If the temperature 
of the exhaust gas rises, the temperature of the exhaust 



gas after-treatment device 21, in the embodiment 
shown in Fig. 1 , the temperature of the NO x absorbent 
22, will be made to rise. In this case, the more the injec- 
tion start timing 9S of the main fuel Q R is delayed, the 
higher the temperature of the exhaust gas and there- 
fore, from the viewpoint of raising the temperature of the 
NO x absorbent 22, it is preferable to delay the injection 
start timing 0S of the main fuel Q R as much as possible. 
If the injection start timing 6S of the main fuel QR is de- 
layed too much, however, misfires will occur. Therefore, 
in the first injection pattern, the injection start timing OS 
of the main fuel Q R is set to a timing as much delayed 
as possible while still in a range where no misfires occur. 
[0034] (III) in Fig. 8 shows a first example of the sec- 
ond injection pattern. In this example, auxiliary fuel Q v 
is injected near top dead center of the suction stroke. 
Compared with the case of the first injection pattern 
shown by (II) in Fig. 8, the injection start timing 6S of the 
main fuel Q R is further delayed. The III of Fig. 11 shows 
the injection start timing 6S of the main fuel at this time. 
As shown in Fig. 11 , the injection start timing 6S of the 
main fuel Q R at this time is delayed further from the case 
of the first injection pattern shown by (II) in Fig. 11 . Fur- 
ther, at this time as well, the injection start timing GS of 
the main fuel Q R is delayed more the higher the required 
torque TQ. 

[0035] In the vicinity of the top dead center of the suc- 
tion stroke, almost no suction air has been fed into the 
combustion chamber 5 and, thus, the unburned gas is 
maintained at a high temperature. Accordingly, if the 
auxiliary fuel Q v is injected rear top dead center of the 
suction stroke, the auxiliary fuel Q v is instantaneously 
vaporized. If the auxiliary fuel Q v is vaporized, the heat 
of compression during the compression stroke causes 
the production of aldehydes, ketones, peroxides, car- 
bon monoxide, and other intermediate products from the 
auxiliary fuel Q v . These intermediate products cause the 
reaction of the main fuel Q R to be accelerated. There- 
fore, in this case, even if the injection start timing GS of 
the main fuel Q R is delayed by a large extent, good com- 
bustion can be obtained without causing misfires. On 
the other hand, since the injection start timing GS of the 
main fuel Q R can be delayed by a large extent in this 
way, the temperature of the exhaust gas becomes con- 
siderably high and therefore the temperature of the NO x 
absorbent 22 can be raised to a higher level. 
[0036] Further, in the example shown by (III) in Fig. 8, 
when the exhaust valve 9 opens, auxiliary fuel Q v is in- 
jected, so part of the auxiliary fuel Q v is exhausted into 
the exhaust port 10 in the form of unburned hydrocar- 
bons. The unburned hydrocarbons : if reaching the NO x 
absorbent 22 s are oxidized by the excess oxygen in the 
exhaust gas. The heat of the oxidation reaction occur- 
ring at this time causes the temperature of the NO x ab- 
sorbent 22 to rise rapidly to a further higher level. That 
is, in this example, the dual actions of the action of rais- 
ing the temperature of the exhaust gas and the action 
of increasing the unburned hydrocarbons in the exhaust 
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gas result in the temperature of the NO x absorbent 22 
being raised. 

[0037] Further, in the example shown by (III) in Fig. 8, 
auxiliary fuel Q v is injected at the injection timing X 
where the injected fuel is supplied into the cavity 5a of 
the piston 4. Therefore, it is possible to prevent the aux- 
iliary fuel Q v from depositing on the inner wall of the cyl- 
inder bore. As a result, it is possible to prevent the lu- 
brication oil from being diluted by the injected fuel. 
[0038] (III) in Fig. 9 shows a second example of the 
second injection pattern. In this second example, the 
auxiliary fuel Q e is injected at the end of the compression 
stroke. Compared with the case of the first pattern 
shown by (II) in Fig. 9, the injection start timing OS of the 
main fuel Q R is further delayed. The injection start timing 
6S of the main fuel Q R at this time is shown by III in Fig. 
11. In this case as well, aldehydes, ketones, peroxides, 
carbon monoxide, and other Intermediate products are 
produced from the auxiliary fuel Q e and these interme- 
diate products cause the reaction of the main fuel Q R to 
be accelerated. Therefore, in this case as well, even if 
the injection start timing GS of the main fuel Q R is de- 
layed by a large extent, good combustion can be se- 
cured without causing misfires. 

[0039] In the second example as well, since the aux- 
iliary fuel Q e is injected at the injection timing X where 
the injected fuel is supplied into the cavity 5a of the pis- 
ton 4, it is possible to prevent the auxiliary fuel Q e from 
depositing on the inner wall of the cylinder bore. 
[0040] Note that in the second example, unlike the 
first example shown by (III) in Fig. 8, fuel is not injected 
to positively increase the amount of unburned hydrocar- 
bons in the exhaust gas. That is, the second example is 
aimed at raising the temperature of the exhaust gas by 
delaying the injection start timing 8S of the main fuel Q R 
further from the case of the first injection pattern shown 
by (II) in Fig. 9. Therefore, compared with the case of 
the first injection pattern shown by (II) in Fig. 9, the sec- 
ond example has a more powerful action of raising the 
temperature of the NO x absorbent 22, but compared 
with the first example, the second example has a weaker 
action of raising the temperature of the NO x absorbent 
22. 

[0041] (IV-1) and (IV-2) in Fig. 8 show a first example 
of the third injection pattern. In the first example, the 
auxiliary fuel Q v and main fuel Q R are injected at the 
same timings as the second injection pattern shown by 
(III) in Fig. 8 and auxiliary fuel Q P is further injected dur- 
ing the expansion stroke or exhaust stroke after injection 
of the main fuel Q R . In the example shown in Fig. 8, the 
auxiliary fuel Q P is injected during the expansion stroke 
just before the exhaust valve 9 opens. 
[0042] The auxiliary fuel Q p is not burned in the com- 
bustion chamber 5, therefore if the auxiliary fuel Q p is 
injected, the auxiliary fuel Q P is exhausted into the ex- 
haust port 10 in the form of unbumed hydrocarbons. 
Therefore, if the auxiliary fuel O p is injected, the amount 
of unburned hydrocarbons in the exhaust gas is in- 
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creased and therefore the heat of oxidation reaction of 
the unburned hydrocarbons causes the temperature of 
the NO x absorbent 22 to rapidly rise. Compared with the 
case of making the temperature of the exhaust gas rise 
5 to raise the temperature of the NO x absorbent 22, in- 
creasing the amount of unburned hydrocarbons in the 
exhaust gas and using the heat of oxidation reaction to 
raise the temperature of the NO x absorbent 22 enables 
the temperature of the NO x absorbent 22 to be raised 

10 far more rapidly, so compared with the case of using the 
second injection pattern shown by (III) in Fig. 8, use of 
the third injection pattern shown by (IV-1) and (IV-2) in 
Rg. 8 enables the temperature of the NO x absorbent 22 
to be raised far more rapidly. The auxiliary fuel Q P , how- 

15 ever, does not contribute to the production of output in 
the engine, so if the auxiliary fuel Q P is injected, the 
amount of fuel consumption is increased. 
[0043] When making the temperature of the NO x ab- 
sorbent 22 rise more rapidly, as shown by (IV-2) in Fig. 

20 8, the number of injections of the auxiliary fuel Q P may 
be increased. That is, if injecting a large amount of aux- 
iliary fuel Q P , the penetration force of the injected fuel 
becomes greater, so part of the auxiliary fuel Q P ends 
up depositing on the inner wall of the cylinder bore. As 

25 opposed to this, if the amount of injection of the auxiliary 
fuel Q P is reduced, the penetration force of the injected 
fuel becomes smaller, so the auxiliary fuel Q P will no 
longer deposit on the inner wall of the cylinder bore. 
Therefore, when increasing the amount of injection of 

30 the auxiliary fuel Q P , as shown by (IV-2) in Fig. 8, small 
amounts of the auxiliary fuel Q P are injected at intervals 
over several times. 

[0044] (IV-1) and (IV-2) of Fig. 8 show a second ex- 
ample of the third injection pattern. In the second exam- 

35 pie, the auxiliary fuel Q e and the main fuel Q R are inject- 
ed at the same timings as the second injection pattern 
shown by (III) in Fig. 9 and further auxiliary fuel Q P is 
injected during the expansion stroke or exhaust stroke 
after the injection of the main fuel Q R . In the example 

^o shown in Fig. 9, the auxiliary fuel Q P is injected during 
the expansion stroke right before the exhaust valve 9 
opens. 

[0045] In the second example as well, when making 
the temperature of the NO x absorbent 22 rise more rap- 

45 idly, as shown by (IV-2) in Fig. 9, the number of injections 
of the auxiliary fuel Q p may be increased. 
[0046] (111-1), (III-2), and (III-3) of Fig. 10 show the 
fourth injection pattern. In this fourth injection pattern, 
the main fuel Q R is injected at the same timing as the 

50 first injection pattern shown by (II) of Fig. 10 and further 
auxiliary fuel Q P is injected during the expansion stroke 
or exhaust stroke after injection of the main fuel QR. In 
the example shown in Fig. 10, the auxiliary fuel Q P is 
injected during the expansion stroke right before the ex- 

55 haust valve 9 opens. 

[0047] In the fourth injection pattern as well, when 
making the temperature of the NO x absorbent 22 rise 
more rapidly, as shown by (HI-2) and (III-3) in Fig. 10, 
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the number of injections of the auxiliary fuel Q P may be 
increased. 

[0048] If the injection pattern is changed in this way, 
one or both of the temperature of the exhaust gas or the 
amount of the unburned hydrocarbons in the exhaust 
gas change, therefore the rate of rise of the temperature 
of the NO x absorbent 22 changes. Further, even with 
the same injection pattern, if the number of injections of 
the auxiliary fuel Q P after top dead center of the com- 
pression stroke is changed, the amount of unburned hy- 
drocarbons in the exhaust gas changes and therefore 
the rate of rise of the temperature of the NO x absorbent 
22 changes. Accordingly, by changing the injection pat- 
tern or changing the number of injections of the auxiliary 
fuel Q p after top dead center of the compression stroke, 
it is possible to control the temperature raising rate of 
the NO x absorbent 22 to the optimal rate. 
[0049] Next, as one example, an explanation will be 
given of the case of using the first injection pattern 
shown by (II) in Fig. 8, the second injection pattern 
shown by (III) in Fig. 8, and the third injection pattern 
shown by (IV-1) and (IV-2) in Fig. 8 when raising the 
temperature of the NO x absorbent 22 to the target tem- 
perature, for example, 650°C. 

[0050] Figure 12 shows the relationship between the 
injection pattern used when raising the temperature of 
the NO x absorbent 22, the required torque TQ, and the 
engine rotational speed N. That is, the region shown by 
Q in Fig. 12 shows the operating region where the in- 
jection Q of ordinary operation shown by (I) in Fig. 8 is 
performed, the region shown by Q R shows the operating 
region where injection is performed by the first injection 
pattern Q R shown by (II) in Fig. 8, the region shown by 
Qv+Q R shows the operating region where injection is 
performed by the second injection pattern Q V +Q R 
shown by (III) in Fig. 8, and the region shown by 
Qv+Qr+Qp shows the operating region where injection 
is performed by the third injection pattern Qv+Q R +Q p 
shown by (IV-1) or (IV-2) in Fig. 8. 
[0051] Further, (1 ) in Fig. 1 2 shows when the temper- 
ature TC of the exhaust gas after-treatment device 21 , 
in this embodiment, the temperature TC of the NO x ab- 
sorbent 22, is lower than a predetermined first temper- 
ature T1 , for example 300°C, (2) in Fig. 12 shows when 
the temperature TC of the NO x absorbent 22 is higher 
than the first temperature T1 and lower than a predeter- 
mined second temperature T2, for example, 500°C, and 
(3) in Fig. 12 shows when the temperature TC of the 
NO x absorbent 22 is higher than the second tempera- 
ture T2. 

[0052] When the temperature TC of the NO x absorb- 
ent 22 is lower than the first temperature T1 , as shown 
by (1) in Fig. 12, injection is performed by the second 
injection pattern Qv+Qr in only the limited operating re- 
gion where the required torque TQ is high and the en- 
gine rotational speed N is high, while injection is per- 
formed by the third injection pattern Q V +Q R +Q P in the 
greater portion of the other operating region. 



[0053] On the other hand, when the temperature TC 
of the NO x absorbent 22 is T1 ^TC<T2, as shown by (2) 
in Fig. 12, injection is performed by the first injection pat- 
tern Q R in the limited operating region where the re- 

5 quired torqueTQ is high and the engine rotational speed 
N is high, injection is performed by the second injection 
pattern Q V +Q R in the operating region at the low load 
side of this operating region, and injection is performed 
by the third injection pattern Qv+Q R +Qp in the operating 

10 region at the further lower load side of this operating re- 
gion. 

[0054] On the other hand, when the temperature TC 
of the NO x absorbent 22 is T2^TC, as shown by (3) in 
Fig. 12, injection of an ordinary operation is performed 

is in the limited operating region where the required torque 
TQ is high and the engine rotational speed N is high, 
injection is performed by the first injection pattern Q R in 
the operating region at the low load side of this operating 
region, injection is performed by the second injection 

20 pattern Qv+Q R in the operating region at the further low- 
er load side of this operating region, and injection is per- 
formed by the third injection pattern Qy+Qp+Qp in the 
operating region at the further lower load side of this op- 
erating region. 

25 [0055] That is, as the temperature TC of the NO x ab- 
sorbent 22 becomes higher, the operating region where 
injection is performed by the first injection pattern Q R 
and the operating region where injection is performed 
by the second injection pattern Qv+Qr shift to the low 

30 load side. 

[0056] Figure 1 3A shows the change in the tempera- 
ture TC of the NO x absorbent 22 and the change in the 
injection pattern when assuming the action of raising the 
temperature of the NO x absorbent 22 is started and the 

35 same required torque TQ and engine rotational speed 
N are maintained after that as well in the case of the 
required torque TQ and the engine rotational speed N 
shown by the point A in Fig. 12. Note that the solid line 

(1 ) in Fig. 1 3A, shows the case where the action of rais- 
40 ing the temperature of the NO x absorbent 22 was started 

when TC<T1 as shown by (1) in Fig. 12, the solid line 

(2) in Fig. 13A shows the case where the action of rais- 
ing the temperature of the NO x absorbent 22 was started 
when T1^TC<T2 as shown by (2) in Fig. 12, and the 

45 solid line (3) in Fig. 13A shows the case where the action 
of raising the temperature of the NO x absorbent 22 was 
started when T2^TC as shown by (3) in Fig. 12. 
[0057] Further, in Fig. 13A, the action of raising the 
temperature of the NO x absorbent 22 is started when 

50 an SO x releasing flag showing that SO x should be re- 
leased from the NO x absorbent 22 is set. The action of 
releasing the SO x from the NO x absorbent 22 is started 
when the temperature TC of the NO x absorbent 22 pass- 
es a target temperature T max where the SO x can be re- 

55 leased. 

[0058] If the action of raising the temperature of the 
NO x absorbent 22 is started when TC<T1 , first injection 
is performed by the third injection pattern Q V +Q R +Q P , 
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then when TC^T1 , injection is performed by the second 
injection pattern Q v +Q Rj then, when TC^T2, injection 
is performed by the first injection pattern Q R . In this 
case, the temperature raising rate of the NO x absorbent 
22 due to the third injection pattern Q V +Q R +Q P is the 
highest, the temperature raising rate of the NO x absorb- 
ent 22 due to the second injection pattern Qv+Q R is the 
next highest, and the temperature raising rate of the NO x 
absorbent 22 due to the first injection pattern Q R is the 
lowest. 

[0059] Therefore, if the action of raising the tempera- 
ture of the NO x absorbent 22 is started when TC<T1 , as 
shown by the solid line (1) of Fig. 13A, the temperature 
TC of the NO x absorbent 22 rapidly rises, then, when 
the temperature TC of the NO x absorbent 22 passes T1 , 
the temperature raising rate of the NO x absorbent 22 
falls a bit, then, when the temperature TC of the NO x 
absorbent 22 passes T2, the temperature raising rate of 
the NO x absorbent 22 becomes further lower. 
[0060] On the other hand, if the action of raising the 
temperature of the NO x absorbent 22 is started when 
T1^TC<T2, first, injection is performed by the second 
injection pattern Q V +Q R , then, when TC^T2, injection 
is performed by the first injection pattern Q R . Therefore, 
at this time, as shown by the solid line (2) in Fig. 13A, 
first the temperature TC of the NO x absorbent 22 rises 
/relatively slowly, then, when the temperature TC of the 
NO x absorbent 22 passes T2, the temperature raising 
rate of the NO x absorbent 22 becomes lower. 
[0061] On the other hand, if the action of raising the 
temperature of the NO x absorbent 22 is started when 
T2^TC, injection is performed by the first injection pat- 
tern Q R , therefore, at this time, as shown by the solid 
line (3) in Fig. 13A, the temperature TC of the NO x ab- 
sorbent 22 slowly rises. 

[0062] Figure 1 3B shows the change in the tempera- 
ture TC of the NO x absorbent 22 and the change in the 
injection pattern when assuming the action of raising the 
temperature of the NO x absorbent 22 is started and the 
same required torque TQ and engine rotational speed 
N are maintained after that as well in the case of the 
required torque TQ and the engine rotational speed N 
shown by the point B in Fig. 12. Note that the solid line 

(1) in Fig. 13B shows the case where the action of rais- 
ing the temperature of the NO x absorbent 22 was started 
when TC<T1 as shown by (1) in Fig. 12, the solid line 

(2) in Fig. 13B shows the case where the action of rais- 
ing the temperature of the NO x absorbent 22 was started 
when T1^TC<T2 as shown by (2) in Fig. 12, and the 
solid line (3) in Fig. 1 3B shows the case where the action 
of raising the temperature of the NO x absorbent 22 was 
started when T2^TC as shown by (3) in Fig. 12. 
[0063] When maintaining the required torque TQ and 
the engine rotational speed N shown by the point B in 
Fig. 12, as will be understood from Fig. 12, whether 
TC<T1 , T1 STC<T2, or T2gTC, injection is performed 
by the third injection pattern Q V +Q R +Q P , therefore as 
shown by the solid lines (1), (2), and (3) in Fig. 13B, the 



temperature raising rate of the NO x absorbent 22 be- 
comes about the same regardless of the temperature 
TC of the NO x absorbent 22. 

[0064] That is, as shown by the solid line (1) of Fig. 

5 1 3A : if the action of raising the temperature of the NO x 
absorbent22 is started when TC<T1 , that is, if the action 
of raising the temperature of the NO x absorbent 22 is 
started when there is a large difference between the 
temperature TC of the NO x absorbent 22 and the target 

10 temperature T max , injection is performed by the third in- 
jection pattern Q V +Q R +Q P so as to raise the tempera- 
ture TC of the NO x absorbent 22 to the target tempera- 
ture T max as fast as possible. When performing injection 
by this third injection pattern Qy+Qp+Qp, however, the 

15 temperature TC of the NO x absorbent 22 will rapidly rise, 
so it will be difficult to control the temperature TC of the 
NO x absorbent 22 and consequently if just this third in- 
jection pattern Q V +Q R +Q P is used, the temperature TC 
of the NO x absorbent 22 will end up greatly exceeding 

20 the target temperature T max and therefore there will be 
the risk of thermal deterioration of the NO x absorbent 
22. Further, if the third injection pattern Q V +Q R +Q P con- 
tinues to be used, the amount of fuel consumption will 
increase. 

25 [0065] Therefore, when TC^T1 , in order to prevent 
thermal deterioration of the NO x absorbent 22 and re- 
duce the amount of fuel consumption, the third injection 
pattern Q V +Q R +Q P is switched to the second injection 
pattern Q V +Q R , then, when the temperature TC of the 

30 NO x absorbent 22 approaches the target temperature 
T max , that is, when TC^T2, the second injection pattern 
Q V +Q R is switched to the first injection pattern Q R . If the 
first injection pattern Q R is used, the temperature raising 
rate of the NO x absorbent 22 becomes smaller and 

35 therefore the control of the temperature TC of the NO x 
absorbent 22 becomes easy. Accordingly, it is possible 
to prevent thermal deterioration of the NO x absorbent 
22 and possible to reduce the amount of fuel consump- 
tion. 

40 [0066] Further, in the case shown by the solid line (2) 
in Fig. 13A, the temperature TC of the NO x absorbent 
22 is first made to rise relatively quickly, then to prevent 
thermal deterioration of the NO x absorbent 22 and re- 
duce the amount of fuel consumption, the second injec- 
ts tion pattern Qy+Q R is switched to the first injection pat- 
tern Q R . Further, as shown by the solid line (3) in Fig. 
13A. when the action of raising the temperature of the 
NO x absorbent 22 is started when TC^T2, injection is 
performed by the first injection pattern Q R from the start 
so so as to prevent thermal deterioration of the NO x ab- 
sorbent 22 and reduce the amount of fuel consumption. 
[0067] On the other hand, when the required torque 
TQ is low as shown by the point B in Fig. 12, the amount 
of fuel injection is small and therefore even if the injec- 
ts tion timing of the main fuel is delayed, the temperature 
of the exhaust gas will not become that high. Therefore, 
at this time, to make the temperature of the NO x absorb- 
ent 22 rise as fast as possible, injection is performed by 
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the third injection pattern Q V +Q R +Q P regardless of the 
temperature TC of the NO x absorbent 22. When the 
temperature of the exhaust gas is not that high in this 
way, however, even if injection is performed by the third 
injection pattern Q V +Q R +Q P , as shown by the solid lines 
(1), (2), and (3) of Fig. 13B, the temperature raising rate 
of the NO x absorbent 22 will not become that high. 
Therefore, at this time, even if injection is performed by 
the third injection pattern Qy+Qp+Qp, the temperature 
TC of the NO x absorbent 22 can be easily controlled and 
consequently there is no risk of the temperature TC of 
the NO x absorbent 22 become extremely high and of 
thermal deterioration of the NO x absorbent 22. 
[0068] In this way, in this embodiment of the present 
invention, when raising the temperature TC of the NO x 
absorbent 22, the optimal injection pattern for the tem- 
perature TC of the NO x absorbent 22, the required 
torque TQ, and the engine rotational speed N is used. 
Note that the injection patterns shown in Fig. 1 2 are just 
examples and it is possible to use a fourth injection pat- 
tern Q R +Q P in accordance with need. 
[0069] In Fig. 13Aand 13B, when the temperature TC 
of the NO x absorbent 22 exceed a target temperature 
T max of 600°C to 700°C, control is performed to release 
the SO x from the NO x absorbent 22. Next, an explana- 
tion will be given of the control for release of the SO x 
with reference to Fig. 14. 

[0070] Figure 14 shows the degree of opening ST of 
the throttle valve 17, the degree of opening SE of the 
EGR control valve 25, the air-fuel ratio of the combustion 
gas of the main fuel in the combustion chamber 5, the 
EGR rate, and the injection start timing OS of the main 
fuel when releasing SO x from the NO x absorbent 22. 
Note that in the degree of opening ST of the throttle 
valve 1 7 and the degree of opening SE of the EGR con- 
trol valve 25 of Fig. 14, the dash-dot lines show the de- 
grees of opening at the time of ordinary operation shown 
in Fig. 3 and the solid lines shown the degrees of open- 
ing at the time of release of SO x . Further, in the air-fuel 
ratio of the combustion gas, the broken line shows the 
limit of production of smoke. Smoke is produced in the 
hatched region. Further, in the injection start timing 6S 
of the main fuel, the broken line shows the timing at the 
time of ordinary operation and the solid line shows the 
timing at the time of release of SO x . 
[0071] As shown in Fig. 14, when SO x is to be re- 
leased from the NO x absorbent 22, the EGR control 
valve 25 is completely closed, therefore the EGR rate 
becomes zero. Further, the injection start timing 6S of 
the main fuel is delayed to after the top dead center of 
the compression stroke. At this time, the degree of open- 
ing ST of the throttle valve 1 7 is reduced so that the air- 
fuel ratio of the combustion gas of the main fuel be- 
comes the target air-fuel ratio shown by the solid line 
slightly larger than the smoke limit. The target air-fuel 
ratio of the combustion gas shown by the solid line be- 
comes smaller the lower the required torque TQ, there- 
fore the degree of opening ST of the throttle valve 1 7 
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becomes smaller the lower the required torque TQ. 
[0072] Further, when SO x is to be released from the 
NO x absorbent 22, the auxiliary fuel Q P is injected during 
the expansion stroke or exhaust stroke so that the air- 
5 fuel ratio of the exhaust gas flowing into the NO x absorb- 
ent 22 becomes the stoichiometric air-fuel ratio or rich. 
In this embodiment of the present invention, auxiliary fu- 
el Q P is injected during the expansion stroke right before 
the exhaust valve 9 opens so that the exhaust gas flow- 
ing into the NO x absorbent 22 becomes just slightly rich. 
That is, when SO x is to be released from the NO x ab- 
sorbent 22, injection is performed by the fourth injection 
pattern Q R +Q P shown by (ill-1) or (III-2) or (III-3) of Fig. 
10. As shown in Fig. 15, when SO x is to be released 
from the NO x absorbent 22, the amount of the auxiliary 
fuel Q p increases the higher the required torque TQ. 
[0073] The degree of opening ST of the throttle valve 
1 7 and the injection start timing 0S of the main fuel when 
SO x is to be released from the NO x absorbent 22 are 
not functions of just the required torque TQ, but are func- 
tions of the required torque TQ and the engine rotational 
speed N. In this embodiment of the present invention, 
the degree of opening ST of the throttle valve 17 and 
the injection start timing OS of the main fuel when SO x 
is to be released from the NO x absorbent 22 are stored 
in advance in the ROM 32 in the form of maps as func- 
tions of the required torque TQ and the engine rotational 
speed N as shown in Fig. 16A and Fig. 16B. 
[0074] Figure 1 7 shows another embodiment of the 
control for release of SO x from the NO x absorbent 22. 
In this embodiment, when the required torque TQ be- 
comes less than a certain torque, the degree of opening 
ST of the throttle valve 17 is made a fixed degree of 
opening and the degree of opening SE of the EGR con- 
trol valve 25 is made larger as the required torque TQ 
becomes lower. 

[0075] On the other hand, when NO x is to be released 
from the NO x absorbent 22, there is no particular need 
to raise the temperature of the NO x absorbent 22. At this 
time, it is sufficient to make the air-fuel ratio of the ex- 
haust gas flowing into the NO x absorbent 22 temporarily 
rich. 

[0076] Figure 18 shows the degree of opening ST of 
the throttle valve 17, the degree of opening SE of the 
EGR control valve 25, the air-fuel ratio of the combustion 
gas of the main fuel in the combustion chamber 5, the 
EGR rate, and the injection start timing OS of the main 
fuel when NO x is to be released from the NO x absorbent 
22. Note that in the degree of opening ST of the throttle 
valve 1 7 and the degree of opening SE of the EGR con- 
trol valve 25 in Fig. 1 8, the chain lines show the degrees 
of opening at the time of ordinary operation shown in 
Fig. 3 and the dash-dot lines show the degrees of open- 
ing at the time of release of NO x . Further, in the air-fuel 
ratio of the combustion gas, the broken line shows the 
limit of production of smoke. Smoke is produced in the 
hatched region. Further, in the injection start timing OS 
of the main fuel, the broken line shows the timing at the 
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time of ordinary operation while the solid line shows the 
timing at the time of release of NO x . 
[0077] As shown in Fig. 18, when NO x is to be re- 
leased from the NO x absorbent 22, the EGR control 
valve 25 is completely closed and therefore the EGR 
rate becomes zero. Further, the injection start timing 8S 
of the main fuel is delayed to after the top dead center 
of the compression stroke. At this time, the degree of 
opening ST of the throttle valve 17 is reduced so that 
the air-fuel ratio of the combustion gas of the main fuel 
becomes the target air-fuel ratio shown by the solid line 
slightly larger than the smoke limit. The degree of open- 
ing ST of the throttle valve 1 7 and the injection start tim- 
ing 0S of the main fuel shown in Fig. 18 are the same 
as the degree of opening ST of the throttle valve and the 
injection start timing es of the main fuel at the time of 
release of SO x shown in Fig. 1 4. Therefore, the degree 
of opening ST of the throttle valve 17 and the injection 
start timing 6S of the main fuel at the time of release of 
NO x are calculated from the maps shown by Fig. 16A 
and Fig. 16B. 

[0078] Further, when NO x is to be released from the 
NO x absorbent 22, auxiliary fuel Q p is injected during 
the expansion stroke or exhaust stroke so that the air- 
fuel ratio of the exhaust gas flowing into the NO x absorb- 
ent 22 becomes rich. In this embodiment of the present 
invention, auxiliary fuel Q P is injected during the expan- 
sion stroke immediately before the exhaust valve 9 
opens so that the exhaust gas flowing into the NO x ab- 
sorbent 22 becomes rich. That is, when NO x is to be 
released from the NO x absorbent 22, injection is per- 
formed by the fourth injection pattern Q R +Q P shown by 
(111-1), (III-2), or (III-3) in Fig. 10. As shown in Fig. 19, 
the amount of auxiliary fuel Q p when SO x is to be re- 
leased from the NO x absorbent 22 increases the higher 
the required torque TQ. 

[0079] Next, an explanation will be made of the 
processing routine for the NO x releasing flag which is 
set when NO x is to be released from the NO x absorbent 
22 and the SO x releasing flag which is set when SO x is 
to be released from the NO x absorbent 22 while referring 
to Fig. 20. Note that this routine is executed by interrup- 
tion every predetermined time interval. 
[0080] Referring to Fig. 20, first, at step 100, the 
amount AX of absorption of NO x per unit time is calcu- 
lated from the map shown in Fig. 7. Next, at step 101, 
AX is added to the amount ZNOX of absorption of NO x . 
Next, at step 102, it is determined if the amount ZNOX 
of absorption of NO x has exceeded a maximum allow- 
able value MAX1 . If £NOX>MAX1 , the routine proceeds 
to step 103, where the NO x releasing flag showing that 
NO x should be released is set. Next, the routine pro- 
ceeds to step 104. 

[0081] At step 104, the product k • Q obtained by mul- 
tiplication of a constant k with the amount of injection Q 
is added to ESOX The fuel contains a substantially fixed 
amount of sulfur S, therefore the amount of SO x ab- 
sorbed in the NO x absorbent 22 can be expressed by 



20 

k-Q. Therefore, the XSOX obtained by successively 
adding this k-Q shows the amount of SO x estimated to 
be absorbed in the NO x absorbent 22. At step 105, it is 
determined if this amount ESOX of SO x has exceeded 
5 a maximum allowable value MAX2. When 
ESOX>MAX2, the routine proceeds to step 106, where 
the SO x releasing flag is set. 

[0082] Next, an explanation will be made of the oper- 
ational control with reference to Fig. 21 . 

w [0083] Referring to Fig. 21 , first, at step 200, it is de- 
termined if the SO x releasing flag has been set. When 
the SO x releasing flag has not been set, the routine pro- 
ceeds to step 201 , where it is determined if the NO x re- 
leasing flag has been set. When the NO x releasing flag 

15 has not been set, the routine proceeds to step 202, 
where ordinary operation is performed. 
[0084] That is, at step 202, the target degree of open- 
ing ST of the throttle valve 1 7 is calculated from the map 
shown in Fig. 5A and the degree of opening of the throt- 

20 tie valve 1 7 is made this target degree of opening ST. 
Next, at step 203, the target degree of opening SE of 
the EGR control valve 25 is calculated from the map 
shown in Fig. 5B and the degree of opening of the EGR 
control valve 25 is made this target degree of opening 

25 SE. Next, at step 204, the amount of injection Q is cal- 
culated from the map shown in Fig. 4A and the injection 
start timing OS is calculated from the map shown in Fig. 
4B. The fuel is injected on the basts of these calculated 
values. 

30 [0085] On the other hand, when it is determined at 
step 201 that the NO x releasing flag has been set, the 
routine proceeds to step 205, where NO x release 
processing for release of NO x from the NO x absorbent 
22 is performed. That is, at step 205, the target degree 

35 of opening ST of the throttle valve 1 7 is calculated from 
the map shown in Fig. 16A and the degree of opening 
of the throttle valve 1 7 is made this target degree of 
opening ST. At this time, the EGR control valve 25 is 
completely closed. Next, at step 206, the injection start 

40 timing 6S of the main fuel is calculated from the map 
shown in Fig. 16B. Next, at step 207 : the main fuel is 
injected at the injection start timing 6S calculated at step 
206, then the auxiliary fuel Q P is injected during the ex- 
pansion stroke. 

45 [0086] That is, at this time, the degree of opening of 
the throttle valve 17 is reduced, injection is performed 
by the fourth injection pattern shown in Fig. 10, and 
thereby the air-fuel ratio of the exhaust gas flowing into 
the NO x absorbent 22 is made rich. Next, at step 208, it 

50 js determined if a fixed time has elapsed from when the 
air-fuel ratio of the exhaust gas was made rich. When a 
fixed time has elapsed, the routine proceeds to step 209, 
where the NO x releasing flag is reset. At this time, si- 
multaneously £NOX (Fig. 20) is made zero. 

55 [0087] On the other hand, when it is judged at step 
200 that the SO x releasing flag has been set, the routine 
proceeds to step 210, where it is determined if a tem- 
perature raising completion flag showing that the NO x 
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absorbent 22 has been raised to a temperature enabling 
release of SO x has been set. When the SO x releasing 
flag has been set, the temperature raising completion 
flag is reset, therefore the routine proceeds to step 300 
where control is performed for raising the temperature. 
This control for raising the temperature is shown in Fig. 
22. 

[0088] Referring to Fig. 22, first, at step 301 , the target 
degree of opening ST of the throttle valve 17 is calcu- 
lated from the map shown in Fig. 5A and the degree of 
opening of the throttle valve 17 is made this target de- 
gree of opening ST. Next, at step 302, the target degree 
of opening SE of the EGR control valve 25 is calculated 
from the map shown in Fig. 5B and the degree of open- 
ing of the EGR control valve 25 is made this target de- 
gree of opening SE. Next, at step 303, it is determined 
if the temperature TC of the NO x absorbent 22 detected 
by the temperature sensor 39 is lower than a first tem- 
perature T1 . When TC<T1 , the routine proceeds to step 
304, where injection is performed by the injection pat- 
tern determined based on (1) of Fig. 12. 
[0089] On the other hand, when it is judged at step 
303 that TC^T1, the routine proceeds to step 305, 
where it is determined if the temperature TC of the NO x 
absorbent 22 detected by the temperature sensor 39 is 
lower than a second temperature T2. When TC<T2, the 
routine proceeds to step 306, where injection is per- 
formed by an injection pattern determined based on (2) 
of Fig. 12. 

[0090] On the other hand, when it is determined at 
step 305 that TC^T2, the routine proceeds to step 307, 
where injection is performed by the injection pattern de- 
termined based on (3) of Fig. 12. Next, at step 308, it is 
determined if the temperature TC of the NO x absorbent 
22 detected by the temperature sensor 39 has become 
higher than the target temperature T max . When 
TC^T max , the routine proceeds to step 309, where the 
temperature raising completion flag is set. 
[0091] Returning again to Fig. 21 , when the tempera- 
ture raising completion flag is set, the routine proceeds 
to step 21 1 , where SO x release processing is performed 
for releasing the SO x from the NO x absorbent 22. That 
is, at step 211 , the target degree of opening ST of the 
throttle valve 17 is calculated from the map shown in 
Fig. 16A and the degree of opening of the throttle valve 
1 7 is made this target degree of opening ST. At this time, 
the EGR control valve 25 is completely closed. Next, at 
step 212, the injection start timing OS of the main fuel is 
calculated from the map shown in Fig. 1 6B. Next, at step 
213, the main fuel is injected at the injection start timing 
GS calculated at step 212, then auxiliary fuel Q P is in- 
jected during the expansion stroke. 
[0092] That is, at this time, the degree of opening of 
the throttle valve 17 is reduced and injection is per- 
formed by the fourth injection pattern shown in Fig. 10, 
whereby the air-fuel ratio of the exhaust gas flowing into 
the NO x absorbent 22 is made just slightly rich. Next, at 
step 214, it is determined if a fixed time has elapsed 



from when the air-fuel ratio of the exhaust gas was made 
just slightly rich. When the fixed time has elapsed, the 
routine proceeds to step 216, where the NO x releasing 
flag, the SO x releasing flag, and the temperature raising 

5 completion flag are reset. At this time, simultaneously, 
INOX and SSOX (Fig. 20) are made zero. 
[0093] Figure 23 shows another embodiment. In this 
embodiment, the exhaust gas after-treatment device 21 
is comprised of a particulate filter 50 for trapping partic- 

10 ulate matter in the exhaust gas and a casing 51 housing 
this particulate filter 50. Further, in this embodiment, a 
differential pressure sensor 52 is provided for detecting 
the differential pressure before and after the particulate 
filter 50. 

15 [0094] The particulate matter deposited on the partic- 
ulate filter 50 naturally ignites when the temperature of 
the particulate filter 50 passes a fixed temperature T 0 . 
If it were possible to maintain the temperature of the par- 
ticulate filter 50 after that to at least that fixed tempera- 

20 ture T 0 , then it would be possible to burn all of the par- 
ticulate matter deposited on the particulate filter 50. That 
is, to bum all of the particulate matter deposited on the 
particulate filter 50, that is, when regenerating the par- 
ticulate filter 50, it is necessary to first raise the temper- 
as ature of the particulate filter 50 to at least the fixed tem- 
perature T 0 and then maintain the temperature of the 
particulate filter 50 at least at the fixed temperature T 0 . 
[0095] Therefore, in this embodiment as well, the var- 
ious injection patterns shown in Fig. 1 2 are used for rais- 

30 ing the temperature of the particulate filter 50 to at least 
the fixed temperature T 0 so as to regenerate the partic- 
ulate filter 50. In this case, however, TC shows the tem- 
perature of the particulate filter 50. Further, in this em- 
bodiment, when maintaining the temperature of the par- 

35 ticulate filter 50 at least at the fixed temperature T 0 , the 
injection pattern determined based on Fig. 24 is used. 
That is, when the temperature of the particulate filter 50 
is to be held at least at the fixed temperature T 0 , injection 
is performed by the first injection pattern Q R shown by 

^0 (||) in Fig. 8 to Fig. 10 in the limited operating region 
where the required torque TQ is high and the engine 
rotational speed N is high and injection is performed by 
the second injection pattern Qv+Q R shown by (I II) in Fig. 
8 or (III) in Fig. 9 in the remaining greater portion of the 

45 operating region. Note that in this embodiment, when 
the temperature of the particulate filter 50 is to be held 
at least at the fixed temperature T 0 , the air-fuel ratio of 
the exhaust gas is maintained lean. 
[0096] Next, an explanation will be given of the oper- 

50 ational control while referring to Fig. 25. 

[0097] Referring to Fig. 25, first, at step 400, it is de- 
termined if a regeneration flag showing that the partic- 
ulate filter 50 should be regenerated has been set. 
When the regeneration flag has not been set, the routine 

55 proceeds to step 401 , where the ordinary operation is 
performed. 

[0098] That is, at step 401 , the target degree of open- 
ing ST of the throttle valve 1 7 is calculated from the map 
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shown in Fig. 5A and the degree of opening of the throt- 
tle valve 17 is made that target degree of opening ST. 
Next, at step 402, the target degree of opening SE of 
the EGR control valve 25 is calculated from the map 
shown in Fig. 5B and the degree of opening of the EGR 
control valve 25 is made that target degree of opening 
SE. Next, at step 403, the amount of injection Q is cal- 
culated from the map shown in Fig. 4A, the injection start 
timing 0S is calculated from the map shown in Fig. 4B, 
and fuel is injected based on these calculated values. 
Next, at step 404, it is determined if the differential pres- 
sure AP before and after the particulate filter 50 is more 
than the maximum allowable value P max based on the 
output signal of the differential pressure sensor 52, that 
is, if the amount of particulate matter deposited on the 
particulate filter 50 has exceeded a maximum allowable 
value. When AP>P max , that is, when the amount of par- 
ticulate matter deposited on the particulate filter 50 has 
exceeded the maximum allowable value, the routine 
proceeds to step 405, where the regeneration flag is set. 
[0099] When the regeneration flag is set, the routine 
proceeds to step 406, where the target degree of open- 
ing ST of the throttle valve 1 7 is calculated from the map 
shown in Fig. 5A and the degree of opening of the throt- 
tle valve 17 is made this target degree of opening ST 
Next, at step 407, the target degree of opening SE of 
the EGR control valve 25 is calculated from the map 
shown in Fig. 5B and the degree of opening of the EGR 
control valve 25 is made this target degree of opening 
SE. 

[0100] Next, at step 408 : it is determined if a temper- 
ature raising completion flag showing that the particu- 
late filter 50 has been raised to a temperature enabling 
ignition of the particulate matter on the particulate filter 
50 has been set. When the regeneration flag has been 
set, normally the temperature raising completion flag is 
reset, therefore the routine proceeds to step 500, where 
the control for raising the temperature is performed. This 
control for raising the temperature is shown in Fig. 26. 
[0101] Referring to Fig. 26, first, at step 501 , it is de- 
termined if the temperature TC of the particulate filter 
50 detected by the temperature sensor 39 is lower than 
the first temperature T1 . When TC<T1 , the routine pro- 
ceeds to step 502, where injection is performed by the 
injection pattern determined based on (1) of Fig. 12. 
[0102] On the other hand, when it is determined at 
step 501 that TC^T1 , the routine proceeds to step 503, 
where it is determined if the temperature TC of the par- 
ticulate filter 50 detected by the temperature sensor 39 
is lower than the second temperature T2. When TC<T2, 
the routine proceeds to step 504, where injection is per- 
formed by the injection pattern determined based on (2) 
of Fig. 12. 

[0103] On the other hand, when it is determined at 
step 503 that TC^T2, the routine proceeds to step 505, 
where injection is performed by the injection pattern de- 
termined based on (3) of Fig. 1 2. Next, at step 506, it is 
determined if the temperature TC of the particulate filter 
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50 detected by the temperature sensor 39 has become 
higher than the targeted fixed temperature T 0 . When 
TC^T 0 , the routine proceeds to step 507, where the 
temperature raising completion flag is set. 
5 [0104] Returning again to Fig. 25, when the tempera- 
ture raising completion flag has been set, the routine 
proceeds to step 409, where the temperature of the par- 
ticulate filter 50 is held at least at the fixed temperature 
T 0 . That is, at this time, injection is performed by the 
10 injection pattern determined based on Fig. 24. Next, at 
step 410, it is determined if the differential pressure AP 
before and after the particulate filter 50 has become low- 
er than a minimum value P min based on the output signal 
of the differential pressure sensor 52, that is, if all of the 
15 particulate matter deposited on the particulate filter 50 
has been burned. When AP<P mjn , the routine proceeds 
to step 411, where the regeneration flag and the tem- 
perature raising completion flag are reset. 
[0105] Note that it is also possible to arrange a cata- 
lyst having an oxidation function such as an oxidation 
catalyst or a three-way catalyst inside the exhaust pas- 
sage upstream or downstream of the NO x absorbent 22 
in the first embodiment and inside the exhaust gas up- 
stream or downstream of the particulate filter 50 in the 
second embodiment. 

[0106] According to the present invention, as ex- 
plained above, it is possible to raise the temperature of 
an exhaust gas after-treatment device at a temperature 
raising rate required for the exhaust gas after-treatment 
device. 

[01 07] While the invention has been described by ref- 
erence to specific embodiments chosen for purposes of 
illustration, it should be apparent that numerous modifi- 
cations could be made thereto by those skilled in the art 
without departing from the basic concept and scope of 
the invention. 

[0108] An engine comprising an exhaust gas after- 
treatment device arranged in an exhaust passage of the 
engine, which raises the temperature of the exhaust gas 
after-treatment device by making selective use of a first 
injection pattern injecting only main fuel and delaying 
the injection timing of the main fuel Q R , a second injec- 
tion pattern injecting auxiliary fuel Q v near top dead 
center of the suction stroke and delaying the injection 
timing of the main fuel Q R , and a third injection pattern 
injecting auxiliary fuel Q v and Q P before injection of the 
main fuel and after injection and delaying the injection 
timing of the main fuel Q R . 



Claims 

1 . An internal combustion engine having a combustion 
chamber and an exhaust passage, said engine 
comprising: 

fuel injection means for injecting an auxiliary fu- 
el into the combustion chamber, in addition to 
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a main fuel, in accordance with necessity to 
produce unburned hydrocarbons; 
an exhaust gas after-treatment device ar- 
ranged in the exhaust passage, a temperature 
of said exhaust gas after-treatment device ris- 5 
ing when a temperature of exhaust gas rises 
and rising when unburned hydrocarbons are 
supplied to said exhaust gas after-treatment 
device; and 

injection control means for retarding an injec- 10 
tion timing of the main fuel when the tempera- 
ture of the exhaust gas after-treatment device 
should rise, as compared with the case where 
the temperature of the exhaust gas after-treat- 
ment device should not rise, at least two injec- 15 
tion patterns, which are different in at least one 
of an amount of retardation of the injection tim- 
ing of the main fuel and injection timing of the 
auxiliary fuel, being determined in advance to 
raise the temperature of the exhaust gas after- 20 
treatment device, said injection control means 
choosing any one of the injection patterns in ac- 
cordance with a demand for a temperature rais- 
ing rate of the exhaust gas after-treatment de- 
vice and injecting fuel in accordance with the 25 
chosen injection pattern when the temperature 
of the exhaust gas after-treatment device 
should rise. 

2. An internal combustion engine as set forth in claim 30 
1 , wherein at least two injection patterns are preset 
for raising the temperature of the exhaust gas after- 
treatment device from among a first injection pat- 
tern delaying the injection timing of the main fuel 
without injecting the auxiliary fuel, a second injec- 35 
tion pattern injecting the auxiliary fuel before injec- 
tion of the main fuel and delaying the injection timing 
of the main fuel, a third injection pattern injecting 
the auxiliary fuel before injection of the main fuel 
and after injection of the main fuel and delaying the 40 
injection timing of the main fuel : and a fourth injec- 
tion pattern injecting the auxiliary fuel after injection 
of the main fuel and delaying the injection timing of 
the main fuel, and said injection control means se- 
lects one of the injection patterns from among the «5 
preset injection patterns and injects the main fuel 
and auxiliary fuel in accordance with the selected 
injection pattern. 

3. An internal combustion engine as set forth in claim 50 
2, wherein, in the first injection pattern, the injection 
timing of the main fuel is delayed until aftertop dead 
center of the compression stroke. 

4. An internal combustion engine as set forth in claim 55 
2, wherein, in the second injection pattern, the aux- 
iliary fuel is injected near top dead center of the suc- 
tion stroke and the amount of retardation of the in- 



jection timing of the main fuel is made larger than 
the amount of retardation of the injection timing of 
the main fuel in the first injection partem. 

5. An internal combustion engine as set forth in claim 
4, wherein the auxiliary fuel is injected when an ex- 
haust valve is open. 

6. An internal combustion engine as set forth in claim 
4, wherein the injection timing of the auxiliary fuel 
is determined so that the injected auxiliary fuel is 
directed to a cavity formed in a top face of a piston. 

7. An internal combustion engine as set forth in claim 
2, wherein, in the second injection pattern, the aux- 
iliary fuel is injected during the compression stroke 
and the amount of retardation of the injection timing 
of the main fuel is made larger than the amount of 
retardation of the injection timing of the main fuel in 
the first injection pattern. 

8. An internal combustion engine as set forth in claim 
7, wherein the injection timing of the auxiliary fuel 
is determined so that the injected auxiliary fuel is 
directed to a cavity formed in a top face of a piston. 

9. An internal combustion engine as set forth in claim 
2, wherein, in the third injection pattern, first auxil- 
iary fuel is injected near top dead center of the suc- 
tion stroke, second auxiliary fuel is injected during 
the expansion stroke or exhaust stroke, and the 
amount of retardation of the injection timing of the 
main fuel is made larger than the amount of retar- 
dation of the injection timing of the main fuel in the 
first injection pattern. 

10. An internal combustion engine as set forth in claim 
9, wherein the first auxiliary fuel is injected when an 
exhaust valve is open. 

11. An internal combustion engine as set forth in claim 
9, wherein the injection timing of the first auxiliary 
fuel is determined so that the injected auxiliary fuel 
is directed to a cavity formed in a top face of a pis- 
ton. 

12. An internal combustion engine as set forth in claim 
9, wherein the second auxiliary fuel is injected dur- 
ing an expansion stroke before an exhaust valve 
opens. 

13. An internal combustion engine as set forth in claim 
9, wherein the second auxiliary fuel is injected at 
intervals over several times. 

14. An internal combustion engine as set forth in claim 
2, wherein, in the third injection pattern, the first aux- 
iliary fuel is injected during the compression stroke, 
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the second auxiliary fuel is injected during the ex- 
pansion stroke or exhaust stroke, and the amount 
of retardation of the injection timing of the main fuel 
is made larger than the amount of retardation of the 
injection timing of the main fuel in the first injection 
pattern. 

15. An internal combustion engine as set forth in claim 
14, wherein the injection timing of the first auxiliary 
fuel is determined so that the injected auxiliary fuel 
is directed to a cavity formed in a top face of a pis- 
ton. 

16. An internal combustion engine as set forth in claim 
14, wherein the second auxiliary fuel is injected dur- 
ing the expansion stroke before an exhaust valve 
opens. 

17. An internal combustion engine as set forth in claim 
14, wherein the second auxiliary fuel is injected at 
intervals over several times. 

18. An internal combustion engine as set forth in claim 
2, wherein, in the fourth injection pattern, the injec- 
tion timing of the main fuel is delayed until after the 
top dead center of the compression stroke and the 
auxiliary fuel is injected during the expansion stroke 
or exhaust stroke. 

19. An internal combustion engine as set forth in claim 
18, wherein the auxiliary fuel is injected during the 
expansion stroke before an exhaust valve opens. 

20. An internal combustion engine as set forth in claim 
18, wherein the auxiliary fuel is injected at intervals 
over several times. 

21. An internal combustion engine as set forth in claim 
2, wherein when the temperature of the exhaust gas 
after-treatment device should be raised, while the 
temperature of the exhaust gas after-treatment de- 
vice is rising, the injection pattern is switched in ac- 
cordance with need from the third injection pattern 
to the second injection pattern, from the second in- 
jection pattern to the first injection pattern, or from 
the third injection pattern to the second injection 
pattern to the first injection pattern. 

22. An internal combustion engine as set forth in claim 
2, wherein when the temperature of the exhaust gas 
after-treatment device should be raised, which of 
the injection patterns to use is determined in ac- 
cordance with the temperature of the exhaust gas 
after-treatment device. 

23. An internal combustion engine as set forth in claim 
2, wherein when the temperature of the exhaust gas 
after-treatment device should be raised, which of 



the injection patterns to use is determined in ac- 
cordance with the temperature of the exhaust gas 
after-treatment device and the operating state of the 
engine. 

5 

24. An internal combustion engine as set forth in claim 

23, wherein a first operating region where fuel is in- 
jected by the first injection pattern, a second oper- 
ating region where fuel is injected by the second in- 

io jection pattern, and a third operating region where 
fuel is injected by the third injection pattern are pre- 
set in accordance with the temperature of the ex- 
haust gas after-treatment device and the operating 
state of the engine. 

15 

25. An internal combustion engine as set forth in claim 

24, wherein when the temperature of the exhaust 
gas after-treatment device is lower than a predeter- 
mined temperature, the majority of the operating re- 

20 gjon becomes the third operating region and when 
the temperature of the exhaust gas after treatment 
device becomes higher than the predetermined 
temperature, the third operating region is reduced 
to a smaller region on the low load side. 

25 

26. An internal combustion engine as set forth in claim 

25, wherein the second operating region is posi- 
tioned at the high load side of the third operating 
region and when the temperature of the exhaust 

30 gas after-treatment device becomes higher, the 
second operating region shifts to the low load side. 

27. An internal combustion engine as set forth in claim 

26, wherein the first operating region is positioned 
35 at the high load side of the second operating region 

and when the temperature of the exhaust gas after- 
treatment device becomes higher, the first operat- 
ing region shifts to the low load side. 

40 28. An internal combustion engine as set forth in claim 
1 , wherein the exhaust gas after-treatment device 
comprises an NO x absorbant which absorbs NO x 
when an air-fuel ratio of the exhaust gas is lean and 
releases the NO x when the air-fuel ratio of the ex- 

45 haust gas becomes the stoichiometric air-fuel ratio 
or rich and the temperature of the NO x absorbant is 
raised when SO x is to be released from the NO x ab- 
sorbant. 

50 29. An internal combustion engine as set forth in claim 

28, wherein the air-fuel ratio of the exhaust gas is 
made the stoichiometric air-fuel ratio or rich so as 
to release the SO x from the NO x absorbant after the 
temperature of the NO x absorbant exceeds a pre- 

55 determined target temperature. 

30. An internal combustion engine as set forth in claim 

29, wherein intake air control means is provided for 
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controlling an amount of intake air and, when SO x 
is to be released from the NO x absorbant, the 
amount of intake air is reduced by the intake air con- 
trol means, the injection timing of the main fuel is 
delayed compared with when the temperature of the 5 
NO x absorbant should not be raised, and the auxil- 
iary fuel is injected during the expansion stroke or 
exhaust stroke, whereby the air-fuel ratio of the ex- 
haust gas is made the stoichiometric air-fuel ratio 
or rich. 10 



31. An internal combustion engine as set forth in claim 
30, wherein said auxiliary fuel is injected during an 
expansion stroke before an exhaust valve opens. 

15 

32. An internal combustion engine as set forth in claim 
30, wherein the auxiliary fuel is injected at intervals 
over several times. 

33. An internal combustion engine as set forth in claim 20 
1 , wherein the exhaust gas after-treatment device 
comprises a particulate filter for trapping particulate 
matter contained in the exhaust gas and the tem- 
perature of the particulate filter is raised when the 
particulate matter trapped by the particulate filter is 25 
to be burned. 



34. An internal combustion engine as set forth in claim 

33, wherein when the temperature of the particulate 
filter exceeds a predetermined temperature, the 30 
particulate matter trapped by the particulate filter is 
burned and, when the particulate matter is burned, 

the injection timing of the main fuel is delayed com- 
pared with when the temperature of the particulate 
filter should not be raised and the auxiliary fuel is 35 
injected before the injection of the main fuel. 

35. An internal combustion engine as set forth in claim 

34, wherein said auxiliary fuel is injected near top 
dead center of the suction stroke. 40 

36. An internal combustion engine as set forth in claim 
34, wherein said auxiliary fuel is injected during a 
compression stroke. 

45 
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